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(54) FREE SPACE LIGHT WIRING OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a free space 
light wiring optical device capable of enhancing the 
latitude of layout and relatively low in loss due to 
reflection in an optical substrate. 

SOLUTION: In this free space light wiring optical device 
10 provided with an optical substrate 11 transmitting 
light through, a first CGH element (computer hologram) 
1 5 provided on the optical substrate 1 1 to guide the light 
from a light source 12a into the optical substrate 11 and 
having a collimate function collimating the light from the 
light source 12a and a second CGH element 16 having a 
convergent function converging the collimated light 
through this CGH element 15 toward the outside of the 
optical substrate 1 1, a third CGH element 18 having a 
deflecting function for bending an optical path 20 in the 
optical path 20 in the optical substrate 1 1 from the first 
CGH element 15 to the second CGH element 16. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] 1st CGH element which has the ********** function which is prepared in this optical 
substrate that the light from the light source should be guided into the optical substrate which 
allows transparency of light, and this optical substrate, and paralleHzes light from the 
aforementioned light source, It is the optical equipment for a free-space light wiring equipped 
with 2nd CGH element which has the condensing function which turns the parallel light which 
passed through this CGH element out of the aforementioned optical substrate, and is made to 
condense. Optical equipment for a free-space light wiring characterized by arranging 3rd CGH 
element which has a deflection function for making this optical path crooked in the optical path 
in the optical substrate from CGH element of the above 1 st to 2nd CGH element. 
[Claim 2] The aforementioned optical substrate is optical equipment for a free-space light wiring 
according to claim 1 with which it has the flat surface of an parallel couple mutually, the above 
1st and 2nd CGH element are prepared in the flat surface of one of these, and the reflective 
means for reflecting the light in the aforementioned optical substrate is prepared in the fraction 
except the above 1st of both the aforementioned flat surfaces, and 2nd CGH element field. 
[Claim 3] the above 1st and 2nd CGH element — a deflection function — not having — 3rd CGH 
element — respectively — directly under [ of the 1st and 2nd CGH elements ] — this every — 
the optical equipment for a free-space light wiring according to claim 2 characterized by making 
a pair and being arranged corresponding to CGH element 

[Claim 4] the above 1st and 2nd CGH element, and this every — aforementioned every 
corresponding to CGH element — the optical equipment for a free-space light wiring according 
to claim 3 characterized by 3rd CGH element sharing the ********** function for paralleHzing 
light from the aforementioned light source 

[Claim 5] It is the optical equipment for a free-space light wiring according to claim 2 which the 
above 1st and 2nd CGH element have a deflection function in addition to a ********** function 
or a condensing function, and CGH element of the above 3rd makes a pair between the above 
1st and 2nd CGH element at aforementioned one flat surface, and is formed. 

[Claim 6] 3rd CGH element is optical equipment for a free-space light wiring according to claim 5 
formed between the above 1st and 2nd CGH element that two or more groups in which each 
makes a pair should be constituted. 

[Claim 7] each of 3rd CGH element which makes the aforementioned pair and is prepared — a 
condensing function — having — both — the optical equipment for a free-space light wiring 
according to claim 5 whose 3rd CGH element constitutes a relay lens system 
[Claim 8] Optical equipment for a free-space light wiring according to claim 7 with which the 
aforementioned relay lens system makes a pair, and is symmetrically prepared between the 
above 1st and 2nd CGH element. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the packed type optical 
equipment using the computer generated hologram (CGH element is only called hereafter.) 
especially about the suitable optical equipment for a free-space light wiring to use it as a part of 
circuit of the so-called optoelectronics. 
[0002] 

[Description of the Prior Art] For miniaturization of an optoelectronics circuit, the packed type 
optical equipment for a free-space light wiring is proposed. It is used for this optical equipment 
for. a free-space light wiring combining optically the optoelectronics chip module which becomes 
the optoelectronics chip module which becomes for example, a light source side, and a light- 
receiving side. An optoelectric transducer and an electric logical circuit are integrated and 
formed on a semiconductor chip, and these optoelectronics chip modules constitute the 
subsystem which has the function which each became independent of. 

[0003] The aforementioned optical equipment is equipped with the optical substrate which allows 
the transparency according to the wavelength of the light like glass or silicon. Mutually [ this 
optical substrate ], the 2nd optoelectronics module chip (the 2nd module chip is called 
hereafter.) which becomes a 1st optoelectronics module chip [ which becomes a light source 
side ] (1st module chip is called hereafter ), and light-receiving side turns the photogenesis 
section and the light-receiving section to an optical substrate, respectively, and is arranged fixed 
in one parallel field of the flat surface of a couple. 

[0004] 2nd CGH element which becomes a 1st CGH element ! which becomes a field an 
incidence side respectively corresponding to the 1st chip module and the 2nd chip module ] and 
outgoing-radiation side while the optical substrate described above is prepared. Moreover, the 
reflective means for reflecting in angle the light from the 1st chip module guided into the optical 
substrate through 1st CGH element in the orientation of board thickness within an optical 
substrate, and leading to 2nd CGH element is suitably formed in both the flat surfaces of an 
optical substrate. 

[0005] According to the optical equipment which the former described above, therefore, the light 
from the 1st chip module Show around into an optical substrate through 1st CGH element, and 
the zigzag path in an optical substrate is further met by the reflective means formed in both the 
flat surfaces of this optical substrate. Since it shows around at 2nd CGH element and it shows 
around through this 2nd CGH element at the 2nd chip module, both the chips module is optically 
combinable. 

[0006] CGH element is used as an optical element which emits light to the optical element and 
the 2nd chip module which receive the light from the 1st chip module. CGH element is formed of 
etching processing of the lens material using the mask pattern which computer-processes the 
optical-path-difference coefficient of the Taylor-expansion approximation drawn from the 
optical-path-difference function which shows a desired optical property, and is obtained so that 
it may mention later. 

[0007] From this, as a desired optical property, for 1st CGH element Two optical functions of the 
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deflection function to deflect the ********** function to change into the parallel flux of light the 
vapor spherical-wave light from the 1st chip module which is the light source, and this parallel 
flux of light, in the orientation of 2nd CGH element can be given, moreover, from the ability of 
two optical functions of the condensing function made to condense to the deflection function to 
turn the parallel flux of light to the light-receiving section of the 2nd chip module, and to make 
2nd CGH element deflect it, and the concerned light-receiving section to be given The 
miniaturization is attained with the aforementioned optical equipment incorporating these CGHs 
element. 

[0008] By the way, in a manufacture of CGH element, the etching down stream processing using 
the mask pattern is adopted as described above, and the minimum line width of this mask pattern 
receives direct influence in the performance of CGH element. That is, when it is going to give 
two functions of a deflection function, and a ********** function or a condensing function in 
multiplex to CGH element and it is going to give the big degree of deflection angle to a deflection 
function, the minimum line width of a mask pattern may become such a small value that the 
limitation of the resolution in a photolithography process is exceeded. Therefore, the limit that it 
is strong against the degree of deflection angle about the deflection function given to the 1st and 
2nd CGH elements on a manufacture is received. 

[0009] With the conventional aforementioned equipment, since it is directly led to a reflective 
means, without the light which received deflection with 1st CGH element receiving new 
deflection, it depends for the angle of reflection in a reflective means only on the degree of 
deflection angle of this CGH element. For this reason, with the conventional aforementioned 
equipment, between both CGHs elements by which the degree of deflection angle of the 1st and 
2nd CGH elements sets a predetermined spacing, and has been arranged from the parvus and 
the degree of angle of reflection by the reflective means becoming small, the number of times of 
a repeat of reflex in the orientation of board thickness of the optical substrate by the reflective 
means increases, and, as a result, a reflection loss becomes large. Therefore, in order to prevent 
**** of the light by reflex, it is desirable to lessen the number of times of reflex by the reflective 
means as much as possible. 
[0010] 

[Problem(s) to be Solved by the Invention] However, such a big degree of deflection angle cannot 
be given to the degree of deflection angle of each CGH element that a reduction of the number 
of times of reflex is aimed at for the 1 st and 2nd CGH elements since the constraint on a 
manufacture is received as described above. Moreover, contrary to this, without causing increase 
of the number of times of reflex, the spacing between both CGHs elements arranged 
corresponding to both the chips module could not be increased, and the constraint strong 
against the layout of a chip module might be received oh the design. 

[0011] Then, there are comparatively few losses by reflex within an optical substrate, or this 
invention aims at offering the optical equipment for a free-space light wiring which can raise the 
degree of freedom of a layout. 
[0012] 

[Means for Solving the Problem] The following configuration is used for this invention in order to 
solve the above point. 

1st CGH element which has the ********** function which a <configuration> this invention is 
prepared in this optical substrate that the light from the light source should be guided into the 
optical substrate which allows transparency of light, and this optical substrate, and paralleHzes 
light from the aforementioned light source, In the optical equipment for a free-space light wiring 
equipped with 2nd CGH element which has the condensing function which turns the parallel light 
which passed through this CGH element out of the aforementioned optical substrate, and. is 
made to condense It is characterized by having arranged 3rd CGH element which has a 
deflection function for making this optical path crooked in the optical path in the optical 
substrate from 1st CGH element to 2nd CGH element. 

[0013] the 1st CGH element which has the ********** function which paralleHzes light from a 
light source side with the optical equipment for a free-space light wiring concerning a 
<operation> this invention — this — the 3rd CGH element inserted between 2nd CGH element 
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which has the condensing function make the parallel flux of light parallel-ized by 1st CGH 
element condense to a light-receiving side bears a part of deflection function [ at least ] of the 
1st and 2nd CGH elements Without making the 1st and 2nd CGH elements bear a big deflection 
function, the deflection function of the 1st and 2nd CGH elements can be made to be able to 
share with 3rd CGH element, or only 3rd CGH element can be made to bear a deflection function 
from this. 

[0014] Therefore, the degree of deflection angle of the light within an optical substrate can be 
made larger than the former by the deflection function of 3rd CGH element, without expecting a 
big deflection function like before to the 1st and 2nd CGH elements. When it is enabled by this to 
reduce the number of times of reflex within an optical substrate as compared with the former 
when the spacing between the 1st and 2nd CGH elements is made to hold to a predetermined 
value, and the number of times of reflex is held to a predetermined value, it is enabled to set up 
greatly the spacing between the 1st and 2nd CGH elements as compared with the former. 
[0015] Therefore, according to this invention, the optical equipment for a free-space light wiring 
with which the reduction of the loss by reflex was prevented, or the degree of freedom of a 
layout was raised is offered. 

[0016] Also in the former, the same substrate mutually equipped with the flat surface of an 
parallel couple can be used for the aforementioned optical substrate, it can prepare the 1st and 
2nd CGH elements in the flat surface of one of these similarly in the former, and can prepare the 
same reflective means in the fraction except the above 1st of both the aforementioned flat 
surfaces of an optical substrate, and 2nd CGH element field also in the former (it corresponds to 
a claim 2). 

[0017] a deflection function is borne for the above 1st and 2nd CGH element — not making — a 
********** function — giving — 3rd CGH element — respectively — directly under [ of the 1st 
and 2nd CGH elements ] — this every — a pair can be made and arranged corresponding to 
CGH element (it corresponds to a claim 3) The degree of angle of refraction in an optical 
substrate with the conventional aforementioned equipment only depending on the deflection 
function of the 1st and 2nd CGH elements Although the maximum-deflection angle by the 1st 
and 2nd CGH elements was about 15 degrees when an optical substrate consisted of a glass 
material, it is compared, and according to this application, the maximum-deflection angle of about 
45 degrees can be obtained by giving only a deflection function to this 3rd CGH element. 
[0018] the 1st and 2nd CGH elements and this every — the ********** function for parallel- 
izing light from the light source can be made to share with CGH element of the above 3rd 
corresponding to CGH element (it corresponds to a claim 4) Since increase of the effective-area 
product of 1st CGH element which receives the light from the light source can be aimed at and 
increase of the usurpation light from the light source can be aimed at by this by assignment of 
this ********** function, the property of optical equipment can be raised. 

[0019] The 1st and 2nd CGH elements can be made to bear a part of deflection function of 3rd 
CGH element (it corresponds to a claim 5). By making the 1st and 2nd CGH elements bear a part 
of deflection function So that the reflected light in the reflective means prepared in the flat 
surface of an opposite side as the 1st of an optical substrate and 2nd CGH element were 
prepared may carry out incidence to 3rd CGH element It can prepare that this 3rd CGH element 
was prepared in the 1st of an optical substrate, and 2nd CGH element in the flat surface by the 
side of an identity, and is enabled to form the 1st, the 2nd, and 3rd CGH elements in batch by 
the manipulation work to one flat surface of an optical substrate. 

[0020] two or more sets of 3rd CGH elements which make a pair when 3rd CGH element makes 
a pair and is arranged — the [ the 1st and ] — it can arrange between 2CGH elements (it 
corresponds to a claim 6) By applying 3rd CGH element which constitutes two or more sets of 
these pairs, it is enabled to correspond to the long distance between the 1st and 2nd CGH 
elements. Moreover, it is enabled to aim at a reduction of the number of times of reflex. - 
[0021] moreover, a relay lens system can be inserted between the 1st and 2nd CGH elements by 
3rd CGH element of this couple by [ of 3rd CGH element of a couple ] being alike, respectively 
and giving a condensing function (it corresponds to a claim 7) By insertion of this relay lens 
system, it is enabled to correspond to long distance-ization between the 1st and 2nd same CGH 
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elements with having described above. Moreover, it is enabled to aim at a reduction of the 
number of times of reflex. Furthermore, the expansion phenomenon of the image by diffraction 
can be effectively suppressed by image formation operation of a relay lens system. 
[0022] Two or more relay lens systems which make a pair can be symmetrically inserted 
between the 1st and 2nd CGH elements (it corresponds to a claim 8). 

[0023] Furthermore, a relay lens system can consist of the so-called hybrid by giving a diameter 
of the macrostomia to which each acts on 3rd CGH element which constitutes a relay lens 
system in batch to the light of two or more optical paths specified by two or more 1st [ the ] and 
2nd CGH element. Moreover, other 3rd CGH element which has a deflection function further can 
be inserted between the relay lens systems of a couple. 

[0024] The explanation about the gestalt of operation of this invention is preceded, and the 
manufacture procedure of CGH element concerning this invention is outlined. CAD is used for 
the manufacture of CGH element and it is asked for the phase contrast function of the light 
within CGH element which shows a desired diffraction optical property. This phase contrast 
function is called optical-path-difference function rho (x, y). Optical-path-difference function rho 
(x, y) is the following formula. rho(x, y) =sigmaCNxmyn — (1) 

It comes out and is changed into the polynomial shown. Coefficient CN of this polynomial 
(CNxmyn) It is called the optical-path-difference coefficient. It is a positive integer and n and m 
are this coefficient CN, respectively. It is also called the phase coefficient. Between N, m, and n, 
it is the following formula. N= {(m+n )2+m+3n}/2 — (2) 

[0025] This optical-path-difference coefficient CN It can ask as each term coefficient of the 
Taylor-expansion approximation searched for by the two-dimensional Taylor expansion, and the 
pattern of the mask for photolithographies required to acquire a request configuration by the 
photolithography can be made to generate by substituting for CAD program. As an example of 
such a CAD program, there is CghCAD of NIPT company in American California. 
[0026] In this CAD program, the conditions whose N the sum of m and n is ten or less, and is 65 
or less are attached from the relation of the capacity of data processing. Therefore, after asking 
for optical-path-difference function rho (x, y) which shows a desired optical property and asking 
for each optical-path-difference coefficient CN (CO - C65) of this optical-path-difference 
function rho (x, y), it can ask for the mask pattern for CGH element which shows a desired 
diffraction optical property by inputting the data into CAD program. 

[0027] The Gentlemen phase coefficient CO - C65 can carry out the two-dimensional Taylor 
expansion of two-dimensional optical-path-difference function rho (x, y) about x shaft and the y- 
axis, and can ask for it from the approximation to the 10th term. This relation is expressed with 
the formula (3) shown in drawing 2 . delta of the 2nd term of the right-hand side of a formula (3) 
is the surplus term of a Taylor expansion, and is such a value small enough that it can ignore. 
[0028] Gentlemen phase coefficient CO for which the drawing 3 or the drawing 9 developed the 
formula (3), and it asked It is explanatory drawing arranging and showing -C65, i.e., the optical- 
path-difference coefficient CO - C65, as relational expression of general formula rho (x, y) of an 
optical-path-difference function. It asks for optical-path-difference function rho (x, y) which 
shows a desired optical property, and C, the optical-path-difference coefficient CO, i.e., the 
phase coefficient, shown in drawing 3 - view 9 -,65 can be calculated from this optical-path- 
difference function rho (x, y), and the mask conditions for the computer generated hologram 
which shows a desired diffraction optical property can be searched for by inputting into CAD 
program which described these values above. Along with this mask pattern, the mask of required 
number of sheets is manufactured and CGH element which shows a desired diffraction optical 
property is obtained by etching processing of the lens material using the photolithography 
method by the combination of these masks. 
[0029] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of illustration of this 
invention is explained in detail. 

<Example 1> view 1 is the cross section showing the optical equipment concerning this invention 
roughly. It consists of an optical-glass material and the optical equipment 10 concerning this 
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invention is equipped with the plate-like optical substrate 1 1 which has the flat surfaces 1 1a and 
1 1b of an parallel couple mutually. According to the wavelength of the light to deal with, the 
material which shows a high translucency to the wavelength, for example, a silicon substrate etc., 
can be used for the optical substrate 11. 

[0030] a spacing is mutually set so that the 1st chip module 12 which becomes a light source 
side, and the 2nd chip module 13 which becomes a light-receiving side may make each 
photogenesis section 12a and light-receiving section 13a counter the optical substrate 1 1, one 
flat-surface 11a, i.e., surface 11a, of the optical substrate 11, — as — each bump 14 — minding 
— positioning ********s Each bump 14 serves as the end-connection child of each chip 
modules 12 and 13 by connecting with the printed-circuit section which was formed in surface 
11a of the optical substrate 11 and not to illustrate as known well conventionally. 
[0031] It is formed in surface 1 1a of the optical substrate 1 1 so that the 1st CGH element 15 
which receives the spherical-surface vapor light from photogenesis section 12a of the chip 
module 12 of the light source slack 1st may be located directly under photogenesis section 12a. 
Moreover, the 2nd CGH element 16 is formed directly under light-receiving section 13a of the 
2nd chip module 13 of surface 11a. 

[0032] Reflective means 17a which consists of a dielectric film which has multilayer structure is 
formed in the field except these modules 12 and 13 of surface 11a in which the 1st and 2nd chip 
modules 12 and 13 were formed. Furthermore, same reflective means 17b is formed in about 1 
appearance as having been formed in surface 1 1a at rear-face 1 1b which is the flat surface of 
another side of the optical substrate 11. These reflective meanses 17a and 17b can consist of a 
metal thin film like for example, aluminum ******. 

[0033] Moreover, the formation field of reflective means 1 7b is overlapped, and the 3rd CGH 
element 18 and 19 is formed in the directly under position of each CGH elements 15 and 16 in 
rear-face 1 1b of the optical substrate 11, respectively, every — the 3rd CGH element 18 and 19 
is formed in the rear-face 1 1b so that it may be laid under the optical substrate 1 1 — having — 
**** — every — the 3rd CGH element 1 8 and 1 9 — a wrap — reflective means 1 7b is formed 
like 

[0034] The 1st CGH element 15 has the ********** function which paralleHzes spherical- 
surface vapor light from photogenesis section 12a, and the deflection function is not given to it 
by the example 1 shown in drawing 1 . therefore, the thing which the vapor light from 
photogenesis section 12a passes through the 1st CGH element 15 — this — while has been 
arranged directly under 1st CGH element, and it- is changed into the parallel flux of light to the 
3rd CGH element 18 

[0035] Only the deflection function is given to the 3rd CGH element 1 8 which receives the 
parallel flux of light from the 1st CGH element 15. Therefore, although the 3rd CGH element 18 
deflects the parallel flux of light from the 1 st CGH element 1 5 in the advance orientation with 
the comparatively big degree theta 1 of deflection angle, wrap reflective means 1 7b reflects the 
front face of this 3rd CGH element 1 8 in the symmetrical orientation centering on the reflector. 
[0036] Consequently, the parallel flux of light from the 1st CGH element 15 is refracted towards 
surface 11a of the optical substrate 11 with the degree theta 1 of deflection angle. The parallel 
flux of light refracted towards surface 1 1a is the transection position of imaginary line C passing 
through the mid-position of both the chips modules 12 and 13, and receives reflex at an angle 
theta 2 by reflective means 17a. The parallel flux of light which received reflex by reflective 
means 17a is turned to the 3rd CGH element 19 of another side arranged directly under 2nd 
CGH element. 

[0037] The 3rd CGH element 19 of another side which receives the reflective parallel flux of light 
from reflective means 17a is optically [ as one 3rd CGH element 18 ] equivalent, and it shows 
the 2nd CGH element 16 arranged right above [ of the 3rd CGH element 19 ] to the parallel flux 
of light from reflective means 17a which carries out incidence of the front face at an angle theta 
1 in cooperation with wrap reflective means 17b. 

[0038] Similarly, a deflection function cannot be given but only the condensing function for 
making the parallel flux of light condense to light-receiving section 13a of the 2nd chip module 13 
located in a way outside the optical substrate 1 1 is given [ in / the 1st CGH element 15 / in the 
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2nd CGH element 16 which receives the parallel flux of light from the 3rd CGH element 19 ]. 
[0039] Therefore, in the optical substrate 1 1 , the symmetrical optical path which sets a 
symmetry axis as imaginary line C passing through the mid-position of both the chips modules 1 2 
and 13 is formed. 

[0040] the 1st CGH element 15 for specifying a symmetrical optical path which was described 
above, and the 2nd CGH element 1 6 — optical — equivalent — moreover — both — the 3rd 
CGH element 18 and 19 is optically equivalent to mutual 

[0041] Drawing 10 is explanatory drawing showing the optical property of the 1st CGH element 
15. For the simplification of an explanation, the CGH element 15 is on the z-axis, and let the 
thickness dimension be such a value small enough that it can ignore. This postulate is the phase 
coefficient CN. Generality is not spoiled on calculation. The CGH element 15 changes the vapor 
spherical surface from point light source s on the z-axis into the parallel flux of light parallel to 
the z-axis as shown in drawing 10 . 

[0042] Optical-path-difference function rho (x, y) of the 1st CGH element 15 is given by the 
following formula. 

rho(x, y) =(X2+Y2+L2) 1/2-L — (5) 

Here, L is the distance from the light source to a zero, and is equal to focal distance f. 
[0043] Phase coefficient CN for the 1st CGH element 15 It is obtained by substituting a formula 
(5) for the formula (4-0) shown in drawing 3 - view 9 , - a formula (4-65). Each item CN 
excluding [ those results of an operation ] the term of the value of zero in the drawin g 1 1 and 
the drawing 12 It is arranged and shown. 

[0044] (The optical-path-difference coefficient CN, i.e., the phase coefficient, shown in drawings 
H and 12 Of used CAD program execution, the mask data for the 1st CGH element 15 can be 
obtained, and the 1st CGH element 15 is formed using the mask.) 

[0045] It can be considered that the 2nd CGH element 16 is equivalent to the 1st CGH element 
15 by inverting an incidence and outgoing-radiation side, namely, making point light source s into 
an image formation point about the optical property shown in drawing 10 . Therefore, the 2nd 
CGH element 16 can be obtained like the 1st above mentioned CGH element 15. 
[0046] Next, the optical property of the 3rd CGH element 18 is shown in drawing 1 3 . It 
considers as such a value small enough that the CQH element 18 is on the z-axis similarly for 
the simplification of an explanation and the thickness dimension can be disregarded also in 
drawing 10 . A zero is assumed to be in the flat surface containing a passage, the X-axis, and Y- 
axis as the CGH element 18 is shown in drawin g .10 . The incidence parallel flux of light to the 
CGH element 18 is parallel to the z-axis, and the outgoing-radiation parallel flux of light is 
parallel to the vector component (alpha, beta, gamma) which passes along a zero. 
[0047] Optical-path-difference function rho (x, y) of this 3rd CGH element 18 is the following 
formula and [0048]. 

rho(x, y) =- (alphax+betay) / (alpha2+beta2+gamma2) 1/2 — (6) 

It is come out and expressed. Therefore, it is the phase coefficient CN for the 3rd CGH element 
1 8 by substituting a formula (6) for the formula (4-0) shown in drawing 3 - view 9 , - a formula 
(4-65). It is asked. Each item CN excluding [ those results of an operation ] the term of the value 
of zero in drawing 14 It is arranged and shown. 

[0049] (The optical-path-difference coefficient CN, i.e., the phase coefficient, shown in drawing 
J_4 Of used CAD program execution, the mask data for one 3rd CGH element 18 can be obtained, 
and the 3rd CGH element 18 is formed using the mask.) 

[0050] Moreover, optical-path-difference function rho (x, y) about the 3rd CGH element 19 of 
another side is obtained by just changing the sign of the right-hand side of a formula (6) from 
negative. Therefore, if the CGH element 18 is obtained, the 3rd CGH element 19 can be obtained 
with the same procedure. 

[0051] With the optical equipment 10 of the above mentioned example 1. the function which a 
deflection function is not given to the 1st CGH element 15 and the 2nd CGH element 16. but the 
********** function which parallel-izes vapor light about the 1 st CGH element 1 5 is given to 
them, and condenses the parallel flux of light about the 2nd CGH element 16 is given. Moreover, 
only the deflection function is given to the 3rd CGH element 18 and 19. The minimum width of 
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face of a mask pattern described above for obtaining CGH element which has such a single 
function shows a big value as compared with it which has a compound function. 
[0052] Therefore, conventionally which gives a ********** function and a polarization function 
to 1st CGH element with equipment, the maximum-deflection angle of 1st CGH element is about 
15 degrees, and the degree of angle of reflection in an optical substrate was prescribed by this 
deflection angle. 

[0053] On the other hand, in the invention in this application, since only the deflection function is 
given to the 3rd CGH element 18 and 19 which has a deflection function, even if it sets up the 
deflection angle theta 1 more greatly than conventional it, the minimum width-of-face dimension 
of the mask pattern for obtaining this 3rd CGH element 18 and 19 does not become so small that 
the resolution in the photolithography process performed using this mask pattern is exceeded. 
[0054] With the 3rd CGH element 18 and 19 concerning this invention, it is enabled to set up the 
degree of deflection angle of the big value exceeding about 45 degrees from this. Therefore, it 
attaches through the optical path 20 within the optical substrate 1 1 between the 1st chip module 
12 and the 2nd chip module 13, and is enabled to aim at a reduction of a reflection loss as 
compared with the conventional optical path 21 shown by the drawing medium wave line by 
aiming at a reduction of the number of times of reflex by the reflective meanses 17a and 17b. 
[0055] Moreover, contrary to this, by holding the number of times of reflex identically, the 
distance between the 1st chip module 12 and the 2nd chip module 13 can be set up more greatly 
than the former, and, thereby, the degree of freedom of a layout increases. 
[0056] Furthermore, it is enabled to set up the effective-area product of a lens greatly also 
about the 1st CGH element 15 and the 2nd CGH element 16, as compared with the former, since 
the minimum width-of-face dimension of a mask pattern can be similarly increased in 3rd CGH 
element, since the deflection function is not given. It becomes possible to make it by this 
adapted for the light source with numerical aperture bigger than the former. 

[0057] Fundamentally, the optical equipment 110 of the example 2 shown in <example 2> view 15 
has the same configuration as an example 1 except for the difference later mentioned about the 
optical property of each CGH elements 15, 16, 18, and 19. The same reference mark as this is 
given to the same functional division as the optical equipment 10 shown in the example 1. 
[0058] Drawing 16 is explanatory drawing showing the optical property of the CGH elements 15 
and 18 of an example 2. Light source s was located in the point which separated distance L with 
the 1st CGH element 15 equal to the focal distance f in an example 1. On the other hand, by the 
example 2, light source s is arranged at distance L shorter than focal distance f. Therefore, 
optica|-path-difference function rho (x, y) about the 1st CGH element 15 of an example 2 will be 
given by the following formula, if the focal distance is set to f. 
rho(x, y) =(X2+Y2+f2) 1 /2-f — (7) 

[0059] Phase coefficient CN for the 1st CGH element 15 It substitutes for the formula (4-0) 
having shown the formula (7) in drawing 3 - view 9 , - a formula (4-65), and is obtained. Each 
item CN excluding [ those results of an operation ] the term of the value of zero in the drawing 
1 7 and the drawing 18 It is arranged and shown. 

[0060] Therefore, the 1st CGH element 15 is formed with having described above of the 
********** process using the mask pattern for which it was asked by the same procedure. 
Moreover, the 2nd equivalent CGH element 16 can .be optically formed like this CGH element 15 
with this CGH element 15. 

[0061] By the example 2, the vapor light from light source s is received by distance L shorter 
than focal distance f as shown in the drawing 15 and the drawing 1 6 . Therefore, the light which 
goes to the 3rd CGH element 18 from the 1st CGH element 15 turns into the vapor light which 
spreads at few breadth angles; without becoming the perfect parallel flux of light. 
[0062] By the example 2, shortage of the ********** function of the 1st CGH element 15 is 
compensated with the 2nd CGH element 16. That is, in addition to the deflection function of the 
CGH element 16 shown in the example 1, the ********** function to change into the parallel 
flux of light the light from the light source which separated distance I is added to the 2nd CGH 
element 16. 

[0063] Supposing the 2nd CGH element 1 6 which was able to give this supplementary 
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********** function makes the center in agreement with the z-axis and is on an x-y flat 

surface, the 2nd CGH element 16 makes orientation (alpha, beta, gamma) deflect the vapor 

spherical wave from a virtual-image point (X, Y, Z) with reference to drawin g 16 Hzation 

[ parallel], i.e., after **********-j z j n g. Optical-path-difference function rho (x, y) of this 2nd 

CGH element 16 is shown by the following formula. 

[0064] 

rho(x, y) ={(X-x )+(Y-y) 2+2 Z2} 1 / 2-I- (alphax+betay) / (alpha2+beta2+gamma2) 1/2 — (8) 
Here, distance I from a virtual-image point (X, Y, Z) to the center of the 2nd CGH element 16 is 
shown by the following formula. 
I =(X2+Y2+Z2) 1/2 — (9) 

[0065] Therefore, phase coefficient CN for the 2nd CGH element 1 6 It substitutes for the 
formula (4-0) having shown the formula (8) in drawing 3 - view 9 , - a formula (4-65), and is 
obtained. In drawing 19 - view 24 , those results of an operation are each item CN. It is arranged 
and shown. 

[0066] Therefore, the 2nd CGH element 16 is formed with having described above of the 
********** process using the mask pattern for which it was asked by the same procedure. 
Moreover, the 3rd CGH element 19 of another side is obtained by just changing the sign of the 
3rd term of the right-hand side of the formula (8) of optical-path-difference function rho (x, y) 
about one 3rd CGH element 18 from negative. Therefore, if the CGH element 18 is obtained, the 
3rd CGH element 19 of another side can be obtained with the same procedure. 
[0067] According to the optical equipment 110 of an example 2, since a ********** function is 
added to the 3rd CGH element 18 and 19 auxiliary in addition to a deflection function, in an 
example 1, a big deflection angle is not securable. However, according to the example 2, when 
the degree big enough of deflection angle is securable as compared with the former, since 
increase of the substantial effective-area product of the 1st CGH element 15 can be aimed at, 
the flux of light from light source s can be caught more effectively, and, thereby, enhancement in 
the optical property of the optical equipment 10 can be aimed at. 

[0068] In addition to the ********** function or the condensing function, with the optical 
equipment 120 of the example 3 shown in <example 3> view 25 , the deflection function is 
similarly added to the 1st CGH element 15 and the 2nd CGH element 16 in the former. Moreover, 
the 3rd CGH element 18 and 19 arranged at an optical path 20 is formed in the same surface 11a 
as the field where the 1st CGH element 15 and 16 of the optical substrate 1 1 has been arranged. 

[0069] Drawin g 26 is explanatory drawing showing the optical property of the 1st CGH element 
15 shown in the example 3. The 1st CGH element 15 shown in drawing 26 is changed into the 
parallel flux of light parallel to the vector component (alpha, beta, gamma) of the light of the 
request which passes the vapor spherical wave from point light source s on the z-axis along a 
zero. Point light source s exists in the position which separated distance L from the zero on the 
Z-axis. Optical-path-difference function rho (x, y) of this 1 st CGH element 1 5 is given by the 
following formula. 
[0070] 

rho(x, y) =(x2+y2+L2) 1 / 2-L- (alphax+betay) / (alpha2+beta2+gamma2) 1/2 — (10) 
L is the distance from the light source to a zero by the formula (10), and it is equal to focal 
distance f. The result whjch substitutes for each formula (4-0) of drawjngJJ - view 9 - a formula 
(4-65), and was obtained arranges the optical-path-difference function expressed with this 
formula (10) to drawing 27 , and it is shown. 

[0071] (Therefore, the optical-path-difference coefficient CN. i.e., the phase coefficient, shown 
in drawing 27 Of used CAD program execution, the mask data for the 1st CGH element 15 can 
be obtained, and the 1st CGH element 15 is formed using the mask.) Moreover, this CGH 
element 15 and the 2nd equivalent CGH element 16 are formed similarly. 

[0072] Again with reference to drawing 25 , by passing through the 1st CGH element 15, the 
spherical-surface vapor light from photogenesis section 12a of the 1st chip module 12 is 
changed into the parallel flux of light by the ********** function of this CGH element, and 
receives deflection by the deflection function. Incidence of the parallel flux of light which 
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received deflection through the 1st CGH element 15 is carried out to the 3rd CGH element 18 
by reflective means 1 7b. 

[0073] The optical property of the 3rd CGH element 18 which receives the parallel flux of light 
from this reflective means 17b is shown in drawing 28 . The 3rd CGH element 18 which has the 
property shown in drawing 28 achieves the same function as the prism which deflects the parallel 
flux of light with the arbitrary degrees of deflection angle to the parallel flux of light with the 
arbitrary degrees of deflection angle. The incidence parallel flux of light is parallel to the vector 
component (alpha 1, beta 1, and gamma 1) of the light which passes along a zero, and the 
outgoing-radiation parallel flux of light is parallel to the vector component (alpha 2, beta 2, and 
gamma 2) which passes along a zero. 

[0074] Optical-path-difference function rho (x, y) of this 3rd CGH element 18 is the following 
formula. rho(x, y) = (alphalx+betaly) / (alpha12+beta12+gamma12) 1 / 2- (alpha2x+beta2y) / 
(alpha22+beta22+gamma22) 1/2 — (11) 
It is come out and expressed. 

[0075] as the term acquired by those partial differentials being shown in drawing 29 , since a 
formula (11) is a primary formula of x and y, when a formula (11) is substituted for a formula (4- 
0) - a formula (4-65) and the result of an operation of each optical-path-difference coefficient f 
about optical-path-difference function rho (x, y) is arranged — the term CO - C2 it is . 
[0076] Therefore, the optical-path-difference coefficient CO shown in dr awin g 29 - C2 It is the 
optical-path-difference coefficient CN about each value. It carries out and the data of the mask 
pattern for the 3rd CGH element 18 are obtained by same CAD program execution with having 
described above. 

[0077] The parallel flux of light which carries out incidence to this CGH element can be deflected 
with the comparatively big degree of deflection angle, and the 3rd CGH element 18 is again 
turned to reflective means 17b by wrap reflective means 17a, and it is reflected by the 3rd CGH 
element 18 which has, a prism function, i.e., the deflection function, which was described above. 
[0078] In response to reflex, incidence of the reflected light towards reflective means 1 7a is 
again carried out to the 3rd CGH element 19 of another side by reflective means 17b. The 
optical path 20 by deflection with this CGH element 19 and the reflex by reflective means 17a 
sets a symmetry axis as center line C, and is formed symmetrically. 

[0079] Therefore, by the same procedure, it can form and the 2nd equivalent CGH element 16 is 
optically formed [ in / the CGH element 18 / in the 3rd CGH element 19 of another side which 
makes one 3rd CGH element 18 and a pair ] like the 1st CGH element 15 with the 1st CGH 
element 15. 

[0080] With the optical equipment 1 20 of the example 3 shown in drawin g 25 , the 1 st and 2nd 
CGH elements 15 and 16 have a deflection function similarly in the former. However, the angle of 
refraction of the optical path 20 within the optical substrate 1 1 can be greatly set as the optical 
path 20 in the optical substrate 1 1 by the deflection function of the 3rd CGH element 18 and 19, 
without receiving regulation of angle of reflection, without being dependent only on the deflection 
function of the 1st CGH element 15 and the 2nd CGH element 16 since the 3rd CGH element 18 
and 19 which has a deflection function is arranged. 

[0081] Moreover, by the example 3, each CGH element of the 1st CGH element 15, the 2nd CGH 
element 16, and the 3rd CGH element 18 and 19 is formed in surface 1 la of the optical substrate 
11. therefore, both sides of the optical substrate 11 — the manipulation for CGH element — it is 
not necessary to give — etching technique — surface 11a — every — since the CGH elements 
15, 16, 18, and 19 can be formed in batch, it is enabled to attain simplification of a manufacturing 
process 

[0082] <Example 4> view 30 expands the optical equipment 130 of an example 4 partially, and 
shows it. Although the example 3 showed the example which inserted the 3rd CGH element 18 
and 19 of a couple in the optical path 20 between the 1st CGH element 15 and the 2nd CGH 
element 16, the 3rd CGH element 18' and 19' which make the same pair can be further inserted 
between the 3rd CGH element 18 of a couple, and 19. 

[0083] The 3rd CGH element 18 makes the outgoing-radiation angle theta 2 deflect the parallel 
flux of light which carries out incidence with the degree theta 1 of incident angle by the example 
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4. Moreover, 3rd CGH element 18' makes the outgoing-eradiation angle theta 3 deflect the parallel 
flux of light which carries out incidence with the degree theta 2 of incident angle. Moreover, the 
deflection function is given so that the symmetrical optical path 20 to which the 3rd CGH 
element 19 and 19' set a symmetry axis as center line C may be formed. 

[0084] 3rd CGH element which makes 3 or more sets of pairs can be used, and increase of the 
bond-length distance between a reduction of the number of times of reflex or the 1st chip 
module 12, and the 2nd chip module 13 can be more effectively aimed at by carrying out multi- 
stage arrangement of the 3rd CGH element which makes a pair. 

[0085] Although 3rd CGH element showed the example which deflects the one parallel flux of 
light by the <example 5> examples 1-4 As shown in drawing 31 as optical equipment 140 of an 
example 5 according to two or more parallel flux of lights the time of the optical path 20 (20a, 
20b, and 20c) parallel to mutual being dealt with — every — two or more of these parallel flux of 
lights can be deflected in batch by considering the 3rd CGH element 18 and 19 as the so-called 
hybrid configuration 

[0086] The 3rd CGH element 18 and 19 of a couple constitutes a relay lens system from the 
optical equipment 150 of the example 6 shown in <example 6> view 32 . The 3rd CGH element 18 
and 19 which constitutes this relay lens system fulfills the confocal conditions with the 1st CGH 
element 15 and the 2nd CGH element 16 as it is shown in drawing 33 (a). 

[0087] The beam-of-light determinant of the optical system which fulfills confocal conditions is 
shown in drawing 33 (b). therefore, it has focal distance f between the 1st CGH element 15 
which has the ********** function which parallel-izes vapor light from photogenesis section 
12a, and the 2nd CGH element 16 which has the condensing function which condenses the 
parallel flux of light to light-receiving section 13a — both — the above mentioned relay lens 
system can be constituted by arranging the 3rd CGH element 18 and 19 as shown in drawing 33 
(a) 

[0088] In addition to the above mentioned ********** function or the above mentioned 
condensing function, with the optical equipment 150 of an example 6, the 1st CGH element 15 
and the 2nd CGH element 16 have a deflection function. Such CGH elements 15 and 16 can be 
formed with the procedure are the same as that of the 1st CGH element 15 and the 2nd CGH 
element 16 in the example 3 shown in drawing 25 , and same with having explained the example 
3. 

[0089] In addition to the condensing function which condenses by the above mentioned focal 
distance f, the 3rd CGH element 18 and 1.9 of an example 6 has a deflection function. Drawing 34 
shows the optical property of this CGH element 18. The 3rd CGH element 18 in an example 6 
has the function to change the vapor spherical wave from point light source s into the parallel 
flux of light as it is shown in drawing 34 . Supposing the CGH element 18 makes a center in 
agreement with the z-axis, and is arranged on x-y-th page and the vapor light from point light 
source s located in a coordinate (X, Y, Z) is changed into the parallel flux of light expressed with 
the vector component (alpha, beta, gamma) which passes along a zero, optical-path-difference 
function rho (x, y) of the 3rd CGH element 18 is the following formula [0090]. 
rho(x, y) ={(X-x )+(Y-y) 2+2 Z2} 1 / 2-f- (alphax+betay) / (alpha2+beta2+gamma2) 1/2 — (12) 
Here, distance f from a zero to point light source s is shown by the following formula, 
f =(X2+Y2+Z2) 1/2 — (13) 

[0091] Therefore, phase coefficient CN for the 3rd CGH element 18 In the above mentioned 
example, similarly, it substitutes for each formula having shown the formula (12) in drawing 3 - 
view 9 , and is obtained. Those results of an operation are arranged and shown in drawing 35 - 
view 40 . With the same procedure using this result of an operation, the 3rd CGH element 18 can 
be obtained with having described above. Moreover, the 3rd CGH element 19 can be obtained 
with the same procedure with having obtained this 3rd CGH element 18. 

[0092] By constituting a relay lens system which was described above by the 3rd CGH element 
18 and 19 of a couple, the length of an optical path 20 can be increased more effectively, or a 
reduction of the number of times of reflex by the reflective meanses 17a and 17b can be aimed 
at. Moreover, although the influence of diffraction becomes large when opening of the 1st CGH 
element 15 and the 2nd CGH element 16 is a minor-diameter lens called several 100 microns or 
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less, it is enabled to suppress the influence of diffraction to the minimum extent by image 
formation by using a relay lens system. 

[0093] It can be made to apply from having an image formation operation effectively also to the 
flux of light by which paralleHzation is not attained completely by the relay lens system which 
fills confocal conditions with an example 6 also including the example mentioned later although 
the example in which the ********** light: from the 1st CGH element 15 carries out incidence to 
the relay lens system which consists of the 3rd CGH element 18 and the 3rd CGH element 19 
was shown. 

[0094] <Example 7> view 41 shows the optical equipment 160 of the example 7 which inserted 
two or more relay lens systems between the 1st CGH element 15 and the 2nd CGH element 16. 
The 1st CGH element 15 and parallel flux of light which changes the vapor light Jrom 
photogenesis section 12a into the parallel flux of light between the 2nd CGH element 16 which 
makes light-receiving section 13a condense as shown in drawing 42 Two relay lens systems 
which consist of 1 set of 3rd CGH elements 18 and 18', and other 1 set of 3rd CGH elements 19 
and 1 9' are inserted in in-series. Confocal conditions (f 1 , f2) as the example 6 of drawing 33 
explained are fulfilled, respectively as shown in drawing 42 each class. Moreover, as for the 3rd 
CGH element 18 and 19, and the 3rd CGH element 18' and 19', each degree of deflection angle is 
set up so that the optical path 20 symmetrical as a symmetry axis may be formed in center line 
c. 

[0095] between the 3rd CGH element 18 of a couple, and 19 — every — as compared with the 
angle of reflection depending on reflective means 17a, the still big degree of angle of refraction 
can be set up by deflection operation of this CGH element 18' and 19' by inserting the 3rd CGH 
element 18' and 19' which constitute the CGH elements 18 or 19 and a relay lens 
[0096] <Example 8> view 43 shows the example 8 which applied the same hybrid configuration 
that the example 5 showed to the relay lens system. With the optical equipment 170 of an 
example 8, each parallel flux of light which passes through two or more optical paths 20 (20a, 
20b, and 20c) from each photogenesis section 12a is dealt with in batch by the 3rd CGH element 
18 and the 3rd CGH element 19 which fulfill confocal conditions (focal distance f) as shown in 
drawing 44 . 

[0097] <Example 9> view 45 shows the example 9 which inserted in the relay lens system CGH 
element of the couple which has a deflection function. With the optical equipment 180 of an 
example 9, the spherical-surface vapor light from photogenesis section 1 2a receives conversion 
** and deflection in the parallel flux of light by the 1st CGH element 15 as shown in the drawin g 
45 aftd the drawin g 46 . Moreover, towards light-receiving section 13a, the parallel flux of light 
receives deflection, and is condensed by the 2nd CGH element 16. 

[0098] The relay lens system which has the same confocal conditions (focal distance f) with 
having described above by the 3rd CGH element 18 and 19 which has a deflection function 
between both this CGHs element 15 and 16 is constituted. Furthermore, the 3rd CGH element 
18' and 19' of a couple which have a deflection function are inserted between the 3rd CGH 
element 18 which constitutes this relay lens system, and 19. 

[0099] Also by inserting in a relay lens system 3rd CGH element which has a deflection function, 
the length of an optical path 20 can be increased effectively, or a reduction of the number of 
times of reflex by the reflective meanses 17a and 17b can be aimed at as shown in this example 
9. 

[0100] Although it has only a deflection function, namely, CGH element 18' and 19' which have a 
prism function were inserted in the example shown in the drawing 45 and the drawing 46 between 
the 3rd CGH element 18 of the couple which constitutes a relay lens system, and 19 It can 
replace with this and CGH element 18' and 19' which have a prism function can be inserted 
between the 1st CGH element 15 and the 3rd CGH element 18 and between the 2nd CGH 
element 16 and the 3rd CGH element 19. 

[0101] Although the <example 10> example 1 - the example 9 explained deflection of an optical 
path 20 on the two-dimensional flat surface Between the 2nd CGH element 16 which makes it 
make deflect the parallel flux of light acquired by the 1st CGH element 15 and this CGH element 
15 which collimates and deflects the vapor spherical wave from photogenesis section 12a light— 
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receiving section 13a and condense as shown in drawing 47 The 3rd CGH element 18 deflected 
in the request orientation in 3 dimensions can be inserted. By inserting such 3rd CGH element 
18 in the request part of the optical path 20 in the optical substrate 1 1, it is enabled to raise the 
degree of freedom of the layout of an optical wiring remarkably. 

[0102] In the above mentioned place, for the simplification of an explanation, it assumed that the 
optical substrate 11 was arranged in a vacuum (refractive-index =1), and explained. Therefore, 
when the optical substrate 1 1 is arranged in the medium which has refractive indexes other than 
one, the optical path length which multiplied the refractive index of the medium* is adopted as the 
optical path length. 
[0103] 

[Effect of the Invention] without according to this invention, expecting a big deflection function 
like before to the 1st and 2nd CGH elements, as described above by the deflection function of 
3rd CGH element Since the degree of deflection angle of the light within an optical substrate can 
be made larger than the former, when the spacing between the 1 st and 2nd CGH elements is 
made to hold to a predetermined value. When it is enabled to reduce the number of times of 
reflex within an optical substrate as compared with the former and the number of times of reflex 
is held to a predetermined value, it is enabled to set up greatly the spacing between the 1st and 
2nd CGH elements as compared with the former. Therefore, according to this invention, the 
optical equipment for a free-space light wiring with which the reduction of the loss by reflex was 
prevented, or the degree of freedom of a layout was raised is offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the cross section showing roughly the example 1 of the optical equipment 
concerning this invention. 

[Drawing 2] It is explanatory drawing of a Taylor-expansion formula. 



[Drawing 3] It is explanatory 
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of 
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the 


Taylor expansion. 




















[Drawing 4] It is explanatory 


drawing 
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Taylor expansion. 




















[Drawing 5] It is explanatory 


drawing 
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[Drawing 6] It is explanatory 


drawing 
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Taylor expansion. 




















[Drawing 7] It is explanatory 


drawing 
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[Drawing 8] It is explanatory 


drawing 


(the 


6) 


of 


the 


optical-path-difference 


coefficient 


by 
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Taylor expansion. 




















[Drawing 9] It is explanatory 


drawing 


(the 


7) 


of 


the 


optical-path-difference 


coefficient 


by 


the 



Taylor expansion. 

[Dra win g 10] It is explanatory drawing showing the optical property of 1st CGH element of an 
example 1. 

[Drawing 1 1] It is explanatory drawing (the 1) of the optical-path-difference coefficient of 1st 
CGH element of an example 1. 

[Drawing .12] It is explanatory drawing (the 2) of the optical-path-difference coefficient of 1st 
CGH element of an example 1. 

[Drawing 13] It is explanatory drawing showing the optical property of 3rd CGH element of an 
example 1. 

[Drawing 14] It is explanatory drawing of the optical-path-difference coefficient of 3rd CGH 
element of an example 1. 

[Drawing 15] It is the cross section showing roughly the example 2 of the optical equipment 
concerning this invention. 

[Drawing 16] It is explanatory drawing showing the optical property of the 1st of an example 2, 
and 3rd CGH element. 

[ Drawing 17] It is explanatory drawing (the 1) of the optical-path-difference coefficient of 1st 
CGH element of an example 2. 

[ Drawin g 18 ] It is explanatory drawing (the 2) of the optical-path-difference coefficient of 1st 
CGH element of an example 2. 

[Drawing 19] It is explanatory drawing (the 1) of the optical-path-difference coefficient of 3rd 
CGH element of an example 2. 

[Drawing 20] It is explanatory drawing (the 2) of the optical-path-difference coefficient of 3rd 
CGH element of an example 2. 

[Drawin g 21 ] It is explanatory drawing (the 3) of the optical-path-difference coefficient of 3rd 



http://www4.ipdljpo.go.iD/cgi-bin/tran_web_cgi eiie 



01/12/14 



2/3 ^- v 



CGH element of an example 2. 

[Drawing 22] It is explanatory drawing (the 4) of the optical-path-difference coefficient of 3rd 
CGH element of an example 2. 

[ Drawing 23] It is explanatory drawing (the 5) of the optical-path-difference coefficient of 3rd 
CGH element of an example 2. 

[Drawing 24] It is explanatory drawing (the 6) of the optical-path-difference coefficient of 3rd 
CGH element of an example 2. 

[Drawing 25] It is the cross section showing roughly the example 3 of the optical equipment 
concerning this invention. 

[ Drawing 26] It is explanatory drawing showing the optical property of 1st CGH element of an 
example 3; 

[Drawing 27] It is explanatory drawing of the optical-path-difference coefficient of 1st CGH 
element of an example 3. 

[Drawing 28] It is explanatory drawing showing the optical property of 3rd CGH element of an 
example 3. 

[Drawing 29] It is explanatory drawing of the optical-path-difference coefficient of 3rd CGH 
element of an example 3. 

[Drawing 30] It is the cross section showing roughly a part of example 4 of the optical equipment 
concerning this invention. 

[ Drawing 31 ] It is the cross section showing roughly a part of example 5 of the optical equipment 
concerning this invention. 

[Drawing 32] It is the cross section showing roughly the example 6 of the optical equipment 
concerning this invention. 

[Drawing 33] It is explanatory drawing of the relay lens system of an example 6. 
[Drawing 34] It is explanatory drawing showing the optical property of 3rd CGH element of an 
example 6. 

[Drawing 35] It is explanatory drawing (the 
CGH element of an example 6. 
[Drawing 36] It is explanatory drawing (the 
CGH element of an example 6. 
[Drawing 37] It is explanatory drawing (the 
CGH element of an example 6. 
[ Drawing 38 ] It is explanatory drawing (the 
CGH element of an example 6. 
[ Drawin g 39] It is explanatory drawing (the 
CGH element of an example 6. 
[Drawing 40] It is explanatory drawing (the 
CGH element of an example 6. 
[Drawing 41] It is the cross section showing roughly the example 7 of the optical equipment 
concerning this invention. 

[ Drawing 42] It is explanatory drawing showing the relay lens system of an example 7. 

[Drawing 43] It is the cross section showing roughly a part of example 8 of the optical equipment 

concerning this invention. 

[D rawin g 44] It is explanatory drawing showing the relay lens system of an example 8. 
[Drawing 45] It is the cross section showing roughly the example 9 of the optical equipment 
concerning this invention. 

[Drawing 46] It is explanatory drawing showing the relay lens system of an example 9. 
[Drawing 47] It is the perspective diagram showing roughly the example 10 of the optical 
equipment concerning this invention. 
[Description of Notations] 

10, 110, 120, 130, 140, 150, 160, 170, 180, and 190 Optical equipment 
1 1 Optical Substrate 

11a and 11b Flat surface of an optical substrate 

12a Light source (photogenesis section of the 1st chip module) 
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15 1st CGH Element 

1 6 2nd CGH Element 

1 7a and 1 7b Reflective means 

18, 18'. 19. and 19* 3rd CGH element 

20 Optical Path 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely: 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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